Background: Williams-Beuren syndrome (WBS) is a rare multi-system genomic disorder, caused by 7q11.23 microdeletion with a prevalence of 1/7500 -1/20,000 live births. Clinical phenotype includes typical facial dysmorphism (elfin face), mental retardation associated with a peculiar neuropsychological profile and congenital heart defects. Other signs are occasional like ocular, skeletal, renal and dental anomalies. Here in, we present 38 WBS Tunisian patients. Methods: All patients underwent a genetic consultation and in order to confirm the clinical diagnosis of WBS, fluorescent in situ hybridization (FISH) was applied on metaphase spreads using the dual color locus specific identifier WBS region probe (Vysis probe) that hybridized to the ELN and LIMK1 loci at 7q11.23 and to control loci D7S486 and D7S522 at 7q31. About 15 to 20 metaphases were analyzed for each case. Results: The mean age at diagnosis was 4 years and 4 months. All patients showed facial dysmorphism. 66% (23/35) have cardiovascular anomaly, peripheral pulmonary stenosis (10/35) is interestingly more frequent than the supravalvular aortic stenosis (7/35). Various degrees of mental retardation were present and a normal intelligence was found in three patients. The unique cognitive profile was found in all patients except one who had autistic disorders. Ocular anomalies (13/38) were less frequent than described, the skeletal anomalies too
(12/38). Dental malformations were frequent (22/32). Idiopathic hypercalcemia was present in 50% of children less than one year (2/4). Conclusions: WBS was a rare disorder, cardinal signs (facial dysmorphism, mental retardation and cardiovascular defects) were found in our patients in the same proportions than described. The occasional clinical signs have proportion different of precedent reported like hypercalcemia, ocular and dental anomalies. The identification of the different clinical signs in WBS patients permits to establish a strategy of follow up.
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Background
Williams-Beuren syndrome (WBS, OMIM #194050) is a multisystem disorder caused by hemizygous deletion of 1.5 to 1.8 Mb on chromosome 7q11.23, which contains approximately 28 genes [1] . About these genes, only the elastin gene (ELN) has been definitely associated with a specific feature of the phenotype, namely supravalvar aortic stenosis and systemic arterial anomalies [2] - [4] .
WBS was first identified as a distinct clinical entity in 1961-1962 independently by two authors [5] [6] . It is estimated to occur in approximately 1 in 7500 life-births [7] . Males and females are equally affected.
Clinical phenotype is heterogeneous in severity and manifestations. The main clinical features are facial dysmorphism (elfin face), mild to moderate mental retardation associated with a characteristic neuropsychological profile, congenital heart defects (most commonly supravalvar aortic stenosis (73%)) and growth retardation during the first two years of life. Idiopathic infantile hypercalcemia is less frequent than initially thought and it generally resolves spontaneously [8] [9] .
Facial features include broad forehead with bitemporal narrowing, low nasal root, bulbous nasal tip, periorbital fullness, stellate iris pattern, malar flattening, full cheeks, long philtrum, full lips, wide mouth, and dental malocclusion with small and widely spaced teeth. Almost every child with WBS shows the typical dysmorphic facies and although these features are often subtle, they tend to become more distinctive with advancing age [10] .
Older children and adults have a more gaunt appearance of the face with a prominent supraorbital ridge and long neck [10] - [12] .
The majority of children with WBS have cardiovascular anomalies [6] [8] . The cardiovascular defect is often progressive requiring surgical repair especially the supravalvar aortic stenosis [4] [10] [11] [13] . Because the elastin protein is an important component of elastic fibers in the arterial wall, any artery may become narrowed. Peripheral pulmonary artery stenosis (41%), coarctation of the aorta, renal artery stenosis, and systemic hypertension are complications that may be present [4] [9] [13] .
Patients with WBS are generally thought to display a typical cognitive and behavioral profile [14] - [16] characterized by a mild to moderate intellectual disability (mean IQ 56) [16] associated with hyperacusis, severe impairments in visuo-spatial abilities and numeric processing, contrasting with relative good short term verbal memory [17] , relative preservation of face processing, great receptivity to music [18] , and linguistic and socialaffective skills. The latter abilities often produce a "cocktail party" personality including overfriendliness, lack of fear with strangers, strong pro-social compulsion [19] , excessive talkativeness, and verbal fluency with extensive and expressive speech rich in vocabulary at least in adulthood.
Here we report on the results of a clinical analysis on a cohort of 38 WBS patients.
Materials and Methods
We examined 38 patients referred to the Department of Congenital and Hereditary Diseases of the Charles Nicolle Hospital, Tunis, Tunisia, for genetic investigation. This study was approved by the ethics committee on Charles Nicolle hospital of Tunis, Tunisia. Informed consent to participate in the study was obtained from parents.
Main reasons of investigation demand were the presence of: heart murmur or congenital heart disease: 2 pa-tients (5%); developmental delay and/or intellectual deficiency: 12 patients (32%); dysmorphic features: 15 patients (39%); clinical suspicion of WBS: 8 patients (21%) and short stature: one patient (3%). The mean age of referred patients was 4 years and 4 months with extreme ages of 30 days and 13 years. All patients underwent a genetic consultation: personal history was documented including prenatal signs, psychomotor development and growth progression. Physical examination was performed for morphology description and clinical evaluation.
Cardiac investigation: blood pressure measurement, echocardiography and Doppler echocardiography. Nephrologic investigation: urinalysis, renal and urinary tract ultrasound examination, creatinine serum level dosage. Ophthalmologic, endocrinologic (TSH, fT3, fT4, thyroid ultrasound examination), X-Ray and biochemical assessments were performed if possible. Chromosomes analysis was performed on blood sample using conventional R-banding techniques for all patients.
In order to confirm the clinical diagnosis of WBS, fluorescent in situ hybridization (FISH) was applied on metaphase spreads using the dual color locus specific identifier WBS region probe (Vysis probe) that hybridizes to the ELN and LIMK1 loci at 7q11.23 and to control loci D7S486 and D7S522 at 7q31. About 15 to 20 metaphases were analyzed for each case.
FISH was applied on metaphase spread of parents when availabe in order to detect deletion or rearrangement.
Results
All patients except one had a normal karyotype. FISH analysis revealed the 7q11.23 microdeletion in 37 subjects (Figure 1) .
No mosaicism was detected.
The patient with an abnormal karyotype had an apparently balanced translocation between chromosomes 5 and 7: 46,XY,t(5;7)(q35;q11.22)dn, parents' karyotypes were normal.
For this patient, no 7q11.23 microdeletion was detected using the WBS region probe (Vysis probe); the breaking point was proximal to the ELN locus. Other FISH probes were used for a better characterization of the chromosomal aberration (data not shown).
All parents of our patients were examinated and they did not show clinical features of WBS. FISH analysis performed for 25/76 of these parents did not reveal 7q11.23 microdeletion or microrearrangement supporting the theory of sporadic occurrence of WBS.
The sex ratio was 2.16: 26 patients were male and 12 were female. 15/38 patients showed post-natal growth deficiency, information of pre-natal growth deficiency was not available for all the patients.
All patients showed the typical facial dysmorphic features (Figure 2) . Among our 38 patients, 6 were aged 6 months or less and were excluded from the evaluation of developmental delay and/or intellectual deficiency.
Delayed development and intellectual deficiency were seen in 29/32, the degree of intellectual deficiency that each patient displayed, however, was not documented.
From the three patients who were evaluated as having normal intellectual skills, two patients had average intelligence and were integrated in an ordinary school, and the third one had low average intelligence.
About the 29 children having intellectual deficiency, according to their socio-economical conditions and the parents' implication in their education, they irregularly attended specialized institutions for children with intellectual deficiency.
One patient affected by mild mental retardation showed impaired social interaction, restricted activities, stereotyped mannerism and regression of language corresponding to autistic features.
Except the patient showing the autistic features, the unique cognitive profile of WBS with overfriendliness and an empathetic nature was found in all patients aged more than 5 years. Anxiety which is a common finding in the patients with WBS was diagnosed in two patients aged 3 and 4 years.
Hyperacusis was not systematically investigated; only 6 patients were presenting this feature. All the subjects except three had echocardiography (35/38). The three patients who had not echocardiography had already heart murmur.
Congenital cardiopathy was found in 23/35 patients. Supravalvular aortic stenosis was detected by echocardiography in 7/35 patients. Peripheral pulmonary stenosis was found in 10/35 patients, 3 patients showed an association of supravalvular aortic stenosis and peripheral pulmonary stenosis. 2/35 had ventricular septal defect, and 1/35 patient had complex cardiac reorganization. No surgical correction was required for any patient at the time when they were attending our clinics. All the other malformations previously reported were seen in our patients: ocular anomalies (13/38), dental anomalies in patients aged more than 6 months (22/32), skeletal anomalies (12/38), urinary tract anomalies (3/38) and hernias (9/38).
Clinical findings are summarized in Table 1 .
Hypercalcemia is reported as a feature detected essentially in first year of life. In our series, 9 patients were aged 12 months or less; 4 of them were available for idiopathic infantile hypercalcemia testing. Elevated blood calcium level was detected twice. None of the two patients showed clinical manifestations of hypercalcemia or required medical treatment.
Hypothyroidism was detected in 5 patients from 19 tested, no clinical manifestations were present and no medical treatment was prescribed, regular periodic review was indicated.
Discussion
WBS is a multisystem disorder caused by hemizygous deletion of 1.5 to 1. We report here 38 cases of clinical WBS, 37 patients having a normal karyotype with microdeletion on chromosome 7q11.23 confirmed by FISH, the last patient with WBS features had no microdeletion and an abnormal karyotype: 46,XY,t(5;7)(q35;q11)dn.
WBS' patients with balanced translocation were previously reported with chromosomal break point in the 7q11.23 region and precisely in the ELN locus [21] [22] .
Dysmorphic features are the only constant clinical finding and the first phenotypic element evocating the WBS.
Cardiovascular anomalies were detected in 24/35 (68%), which is less frequent than previously reported [9] [12] . Peripheral pulmonary stenosis was the most common cardiovascular anomaly (10/35) in our patients, followed by supravalvular aortic stenosis (7/35) which is interestingly different from literature where supravalvular aortic stenosis is the most common cardiovascular anomaly [9] .
Delayed development and/or intellectual deficiency was present in 29/32 (90%) of our series, these findings are in agreement with previous literature data [9] [23] [24] .
Two patients showed no intellectual deficiency confirming that normal intelligence is compatible with WBS [9] .
One case showed the association with autistic features. Commonly, WBS patients showed overfriendliness and an empathetic nature which is totally contrasting with autism, nevertheless, WBS patients showing autistic features were already reported [25] .
In fact, some patients have smaller and/or larger deletions of the region, and their clinical features vary from isolated arteriopathy to classic WBS phenotype without mental retardation on with autism spectrum behavior [26] [27] .
According to literature reports [4] [28] [29] , biochemical hypothyroidism was found in 6/19 (31.6%) patients. Hypercalcemia was more frequent (50%) than the documented incidence in the WBS (15%) [9] . This biochemical abnormality is mostly detected in the first year of life. The group of children less than one year in our series is small (4 children) so comparison may be not possible to establish a difference or a concordance with the literature.
Conclusions
The management of children with WBS requires an understanding of the natural course of the disorder, awareness of potential clinical complications, periodic review at different ages and specific treatment of developmen-tal, behavioral and medical problems of the syndrome, improving the prognosis, and allows an appropriate counseling for the family.
A policy statement released by the AAP in 2001-"Health care supervision for children with Williams syndrome"- [5] included a set of guidelines to assist the clinician to care for children with WBS from early infancy to adolescence and it is a good criteria to start WBS' patients investigation and to establish a calendar of review.
